This paper is focused on alkylphenols, compounds which are formed by the biodegradation of polyethoxilatedalkylphenols detergents. Our experiments show that alkylphenols act not only as detergents, but also as uncouplers of the oxidative phosphorylation. This eff~ot, can be observed at very low doses, thus suggesting that the preferential target ofnonylphenols in living organisms are mitochondfia.
Introduction
The increasing use of detergents for industrial and household purposes is accompanied by studies on their biodegradability and toxicity in animals. To establish the molecular mechanisms responsible for the "in vivo" toxic effects of detergents, many studies have been performed in whole cells and in subcellular structures [1] [2] [3] [4] [5] [6] . Less attention is devoted, in general, to the chemical compounds which are formed by biodegradation or chemical decomposition of the initial compounds. However, this is a fundamental problern since in many cases the decay products have more toxic effects than the initial compounds. In this paper we have analysed the molecular properties and the interactions with the mitochondrial membrane of Nonylphenols (NP). These compounds are generated by the biodegradation of polyothoxylatednonylphenois (NPEO) [7] [8] [9] , a kind of detergent largely used in industries and for household purposes. Our results indicate that NP at very low doses inhibits the ATP synthesis in mitochondria. Therefore NPs like their parent NPEO, act not only as detergents, but also as very strong mitochondrial uncouplers.
Materials and Methods.
Mitochondria were prepared from the livers of fasted albino Wistar rats weighing about 300 g The livers were isolated and placed in ice-cold sucrose 0.25 M, Tris-Mops lmM, EGTA 0,1.M. The livers were rinsed 1998 three times with ice-cold medium, cut to small cubes with scissors, and passed through a Potter homogenizer fitted with a rotating teflon pestle kept in an ice--water bath (two strokes with 40 ml of medium per liver).
The homogenate was diluted to 200 ml per liver, and unbroken cells and nuclei were sedimented by centdfugation at 650 x g in a Sorvall RC2B refrigerated centrifuge kept at 2°C (rotor GSA at 2000 rev./min for 10 min). The superuatant was carefully decanted and centrifuged at 7700 x g in the same centrifuge (rotor SS34 at 8000 rev./min, for 10 rain). The supernatant was disgarded, the mitochondria pellet was carefully resuspended in ice-cold isolation medium and spun as above. The resulting mitochondrial pellet was [NP] (pprn) Fig.3 Measurements of mitochondrial membrane conductance to protons a) (p,), b) (t~) and to potassium c) (~,).
In trace a), non respiring mitochondria (0.5 mg/ml) are resuspended in a medium with low potassium concentration (medium composition: sucrose 0.25 M, Tris-Mops 10 raM, MgC12 2 mM and KCI 100 ~.M). The initial rate of potassium efflux is mointored by addition of an excess of valinomycin (2 n moles/rag protein) and varying mounts of NP. In this case since valinomycin is in excess, the rate limiting step is the proton conductance due to NP and therefore the trace a) reports the proton conductance caused by hrP (~). The broken line b) (o) reports the initial rate of potassium elilux in the presence of varying amounts of the uncoupler FCCP and in excess of valinomycin. Trace c) is the potassium conductance (L), since the trace reports the potassium efflux in the presence of excess FCCP and varying amounts of NP. In this condition since the uncoupler FCCP is in excess, the rate limiting step is the potassium transport caused by NP c). is not unespected since NP is a phenol and some uncouplers are phenols [1] . The same procedure may be utilized to establish if a compound enhances the permeability of a membrane to potassium. In this case, an excess of uncoupler is added to the suspension of non respiting mitochondria and, in the presence of a compound which enhances potassium permeability, an outward potassium flow is monitored. This is the case of hip (Fig.3, trace c) . This experiment demonstrates, therefore, that NPs enhance the potassium permeability. This behaviour is typical of detergents [1] , and demonstrates that NP is a detergent. Therefore hip is also a detergent. If however we compare the diagrams of Fig3a and 3c, we can verify that NP is more effective as an uncoupler, since at the same dose the effect is stronger on proton conductance than on potassium. This means that the preferential target of NP is to the mitochondrial membrane and ATP synthesis in particular, which is inhibited or reduced. The same general trend is true for all structures correlated with ATP utilisation. In this respect, therefore, toxicological consequences due to NP are similar to those typical of uncouplers. For comparison, we have observed that the parent chemical compound NPEO does not affect any function of mitochondria prior to biodegradation (data not shown). We conclude that with regard to ATP synthesis, the biodegradation product hip is much more toxic than the parent chemical compound NPEO. *FCCP = carbonylcyanide-p-trifluoromethoxyphenyl hydrazone
